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IntroductionIntroductionIntroductionIntroduction

Current motor gasolines contain 0Current motor gasolines contain 0--10% by 10% by 
volume ethanol (E0volume ethanol (E0--E10)E10)
E85 is also available for Flexible Fuel Vehicles E85 is also available for Flexible Fuel Vehicles 
(automobiles) (automobiles) 
Driven by many concerns and opportunities, Driven by many concerns and opportunities, 
there is significant effort underway at there is significant effort underway at 
increasing the ethanol content to higher thanincreasing the ethanol content to higher thanincreasing the ethanol content to higher than increasing the ethanol content to higher than 
10% 10% -- such as 20, 30 or even higher such as 20, 30 or even higher 
percentages.percentages.
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Introduction (contd )Introduction (contd )Introduction (contd.)Introduction (contd.)

So, what is the problem?  SupplySo, what is the problem?  Supply--related related 
and productionand production--related concerns aside, related concerns aside, 
this paper will focus on some of the this paper will focus on some of the 
potential problematic areas if >E10 potential problematic areas if >E10 
becomes a requirementbecomes a requirement
Issues related to transportation, storage, Issues related to transportation, storage, p , g ,p , g ,
combustion and emissions will be combustion and emissions will be 
discusseddiscussed
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Diversity of EquipmentDiversity of EquipmentDiversity of EquipmentDiversity of Equipment

Fuel/Equipment have to be considered Fuel/Equipment have to be considered 
together as a systemtogether as a system
Any change in fuel will affect existing Any change in fuel will affect existing 
equipmentequipment
Roughly 300+ million pieces of Roughly 300+ million pieces of 
equipment will be affectedequipment will be affected

200+ million automobiles200+ million automobiles
100+ million off100+ million off--road equipmentroad equipment
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Product (Use) DiversityProduct (Use) DiversityProduct (Use) DiversityProduct (Use) Diversity

AutomobilesAutomobiles
MotorcyclesMotorcyclesyy
Boats and MarineBoats and Marine
Lawn and GardenLawn and GardenLawn and GardenLawn and Garden
Snow equipmentSnow equipment
Construction equipmentConstruction equipment
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Product RequirementsProduct RequirementsProduct RequirementsProduct Requirements

Has to meetHas to meet
PerformancePerformance
EmissionsEmissions
SafetySafetyyy

Manufacturers want satisfied customersManufacturers want satisfied customers
Regulators want satisfied customersRegulators want satisfied customersRegulators want satisfied customersRegulators want satisfied customers
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DiversityDiversity -- ConclusionConclusionDiversity Diversity -- ConclusionConclusion

Rough cost of Rough cost of existingexisting equipment that will equipment that will 
be affected ~ > $2,000,000,000,000.be affected ~ > $2,000,000,000,000.
Every American household potentially Every American household potentially 
affectedaffected

Potent political issuePotent political issue
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Engine DiversityEngine DiversityEngine DiversityEngine Diversity

Size: 20 cc to 6000+ ccSize: 20 cc to 6000+ cc
Useful Life: 50 hours to 10,000 hoursUseful Life: 50 hours to 10,000 hours
Engine DesignEngine Design

Air or Water CooledAir or Water Cooled
22--Stroke, 4Stroke, 4--Stroke, many variationsStroke, many variations
Side valve, overSide valve, over--head valvehead valve
V i bl l ti iV i bl l ti iVariable valve timingVariable valve timing
Intake air charging Intake air charging –– supercharging, supercharging, turbochargingturbocharging
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Engine Diversity (contd )Engine Diversity (contd )Engine Diversity (contd.)Engine Diversity (contd.)

Fuel Introduction StrategiesFuel Introduction Strategies
Carbureted (various types)Carbureted (various types)
Fuel InjectionFuel Injection

“Control” Technologies“Control” Technologies
OOOpen loopOpen loop
Closed loopClosed loop

Exhaust emissions control strategiesExhaust emissions control strategiesExhaust emissions control strategiesExhaust emissions control strategies
Engine modificationsEngine modifications
33--way and oxidation catalystsway and oxidation catalysts
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Fuel System DiversityFuel System DiversityFuel System DiversityFuel System Diversity

Wide variety of tank and hose materialsWide variety of tank and hose materials

Different evaporative control strategiesDifferent evaporative control strategiesDifferent evaporative control strategies Different evaporative control strategies 
Permeation reduction, tank venting, etc.Permeation reduction, tank venting, etc.

MultiMulti positional operational requirementspositional operational requirementsMultiMulti--positional operational requirementspositional operational requirements

StorageStorage--stability issues due to seasonal usagestability issues due to seasonal usage

Safety constraintsSafety constraints
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Evaporative System Evaporative System 
Materials DiversityMaterials Diversity

Fuel Tanks made of: Fuel Tanks made of: 
MetalMetal
HDPEHDPE
Barrier Treated HDPE (fluorinated, sulfonated)Barrier Treated HDPE (fluorinated, sulfonated)
SelarSelar
Nylons (various grades)Nylons (various grades)y ( g )y ( g )
Coextruded (various types)Coextruded (various types)
Other materialsOther materials

Fuel Hoses made of:Fuel Hoses made of:Fuel Hoses made of:Fuel Hoses made of:
NBRNBR
FKMFKM
Other materialsOther materials
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What is E20?What is E20?What is E20?What is E20?

No specification currently available for No specification currently available for 
E20 (or Ex, where x = 11E20 (or Ex, where x = 11--69)69)
E10 and E85 have specificationsE10 and E85 have specifications
All current tests using E20 rely onAll current tests using E20 rely onAll current tests using E20 rely on All current tests using E20 rely on 
experimenters creating their own E20 experimenters creating their own E20 
fuelfuelfuelfuel
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What Should E20 (or Ex) What Should E20 (or Ex) 
Specification ContainSpecification Contain

E h l h ld ASTM 4806E h l h ld ASTM 4806Ethanol should meet ASTM 4806Ethanol should meet ASTM 4806
Fuel as a whole should meet ASTM 4814Fuel as a whole should meet ASTM 4814
Additional denatured ethanol standards (presumably Additional denatured ethanol standards (presumably (p y(p y
like CA) may need to be metlike CA) may need to be met
Specific denaturant specifications may need to be Specific denaturant specifications may need to be 
met (presumably like CA)met (presumably like CA)(p y )(p y )
Additives should be specified: ignition improvers, Additives should be specified: ignition improvers, 
detergents, corrosion inhibitors, antidetergents, corrosion inhibitors, anti--foaming foaming 
agents, demulsifiers, lubricity additives, biocides, agents, demulsifiers, lubricity additives, biocides, 
ttetc.etc.

Finally, certain additional specs (RVP, Distillation Finally, certain additional specs (RVP, Distillation 
curve, Octane No. ) will need to be definedcurve, Octane No. ) will need to be defined
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Ethanol Impacts on Fuel Ethanol Impacts on Fuel 
PropertiesProperties

O bO bOctane numberOctane number

VolatilityVolatilityyy
vapor pressurevapor pressure
Vapor Liquid ratioVapor Liquid ratio
Distillation curveDistillation curve

Energy densityEnergy density

E l tE l tEnleanmentEnleanment

Water solubility and phase separationWater solubility and phase separation
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Fuel Property Impacts Fuel Property Impacts 
(Contd.)(Contd.)

(In)compatibility with materials and parts(In)compatibility with materials and parts
MetalsMetals
RubbersRubbers
ElastomersElastomers
PolymersPolymersPolymersPolymers
Monomers Monomers 

ViscosityViscosityViscosityViscosity
Factors:  Concentration, temperature, Factors:  Concentration, temperature, 
altitude base fuel compositionaltitude base fuel composition
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Failure ModesFailure Modes -- 11Failure Modes Failure Modes -- 11

EnleanmentEnleanment causes hotter temperatures causes hotter temperatures 
and higher cylinder pressuresand higher cylinder pressures

blown head gasketsblown head gaskets
burnt valvesburnt valves
burnt oilburnt oil
loss of head bolt torqueloss of head bolt torqueoss o ead bo t to queoss o ead bo t to que
damage to catalystsdamage to catalysts
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Gasket Failure ConsequenceGasket Failure ConsequenceGasket Failure ConsequenceGasket Failure Consequence

1717

Cylinder head exhaust blow caused by high-combustion temperatures
(courtesy: Briggs and Stratton).



Valve Failure ConsequenceValve Failure ConsequenceValve Failure ConsequenceValve Failure Consequence
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Hot exhaust valve with blow-by caused by high combustion temperatures
(courtesy: Briggs and Stratton).



Failure ModesFailure Modes -- 22Failure Modes Failure Modes -- 22

EnleanmentEnleanment causes causes increased increased NOxNOx
emissionsemissions in many casesin many cases
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50,000 miles on E20

2020



Failure ModesFailure Modes -- 33Failure Modes Failure Modes -- 33

Fuel tank Fuel tank materials degradationmaterials degradation
OligomersOligomers leach out of nylonleach out of nylongg yy
Leaks develop in fiberglassLeaks develop in fiberglass
Corrosion to steel tanksCorrosion to steel tanksCorrosion to steel tanksCorrosion to steel tanks
Corrosion to zinc partsCorrosion to zinc parts
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Failure ModesFailure Modes -- 44Failure Modes Failure Modes -- 44

Elastomer seal ability degradationElastomer seal ability degradation
Gaskets & oGaskets & o--rings swell losing sealrings swell losing sealGaskets & oGaskets & o rings swell losing sealrings swell losing seal
Fuel cap gaskets swell & block off tank Fuel cap gaskets swell & block off tank 
venting or fall out of fuel capventing or fall out of fuel capventing, or fall out of fuel capventing, or fall out of fuel cap
Fuel hoses swell; and this reduces Fuel hoses swell; and this reduces 
h ll ff fh ll ff fhose pull off force.hose pull off force.
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Fuel Caps and GasketsFuel Caps and GasketsFuel Caps and GasketsFuel Caps and Gaskets
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New and dry fuel caps and seals prior to fuel submersion testing
(courtesy: Briggs and Stratton.)



Fuel Cap and Seal with E20Fuel Cap and Seal with E20Fuel Cap and Seal with E20Fuel Cap and Seal with E20

F el cap and seal assembl after a eek’s s bmersion into E20
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Fuel cap and seal assembly after a week’s submersion into E20.
Notice the bulging of the seal due to the extreme swelling of the 
gasket seal.



Failure ModesFailure Modes -- 55Failure Modes Failure Modes -- 55

Increased permeation Increased permeation relative to E0relative to E0
Plastic (nylon, HDPE) tanksPlastic (nylon, HDPE) tanks( y , )( y , )
Rubber fuel hosesRubber fuel hoses
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Failure ModeFailure Mode –– 5 (contd )5 (contd )Failure Mode Failure Mode –– 5 (contd.)5 (contd.)

Testing with gasoline (E0) and E10 by Testing with gasoline (E0) and E10 by 
EPA shows:EPA shows:

2121--28% increase in permeation from HDPE 28% increase in permeation from HDPE 
tanks.tanks.
2020--70% increase in permeation from nylon 70% increase in permeation from nylon 
tankstanks
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Failure ModeFailure Mode -- 66Failure Mode Failure Mode -- 66

Plugged fuel filters & carburetorsPlugged fuel filters & carburetors
For old equipment gum & varnish builtFor old equipment gum & varnish builtFor old equipment, gum & varnish built For old equipment, gum & varnish built 
up in the fuel system will be loosened up in the fuel system will be loosened 
by E20 due to its higher solvencyby E20 due to its higher solvencyby E20, due to its higher solvency, by E20, due to its higher solvency, 
causing filters & carburetor orifices to causing filters & carburetor orifices to 
plugplugplug.plug.
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Other Failure ModesOther Failure Modes -- 11Other Failure Modes Other Failure Modes -- 11

Speed instability and audible speed Speed instability and audible speed 
huntinghunting
Poor load acceptance and sluggish Poor load acceptance and sluggish 
accelerationacceleration
Poor cold startPoor cold start
Potential vapor lockPotential vapor lockPotential vapor lockPotential vapor lock
Increased deposits in engine chamberIncreased deposits in engine chamber
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Other Failure ModesOther Failure Modes -- 22Other Failure Modes Other Failure Modes -- 22

Long Term Storage IssuesLong Term Storage Issues
Increased water contamination due toIncreased water contamination due toIncreased water contamination due to Increased water contamination due to 
E20 ability to hold water into solution.  E20 ability to hold water into solution.  
In turn this increases corrosion &In turn this increases corrosion &In turn, this increases corrosion & In turn, this increases corrosion & 
oxidation of fuel producing gum & oxidation of fuel producing gum & 
acidsacidsacidsacids
Formation of fungus & algae in fuelFormation of fungus & algae in fuel
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ConclusionsConclusionsConclusionsConclusions

Use of >E10 fuel in products designed for <E10 fuels Use of >E10 fuel in products designed for <E10 fuels 
will likely:will likely:

Increase Increase NONOxx exhaust emissionsexhaust emissionsxx
Increase HC evaporative emissionsIncrease HC evaporative emissions
Damage emissionDamage emission--related components (i.e., catalysts, related components (i.e., catalysts, 
cylinders, fuel lines and fuel tanks) causing increased cylinders, fuel lines and fuel tanks) causing increased 
emissionsemissions
Increase hazards to consumers (i.e., leaking fuels and greater Increase hazards to consumers (i.e., leaking fuels and greater 
heat) and also increase emissions due to leaks and firesheat) and also increase emissions due to leaks and fires

N d dditi l t di ll th i t thN d dditi l t di ll th i t thNeed additional studies on all the impacts on the Need additional studies on all the impacts on the 
diverse universe of both ondiverse universe of both on--road and nonroad and non--road road 
engines, vehicles, boats and equipment, prior to engines, vehicles, boats and equipment, prior to 
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making any regulatory changes.making any regulatory changes.


